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" NOMENCLATURE 
' ' ' 
d -- diameter 
' -
h -- width of two-di-mensional channel. 
L --· half length of the heat pipe 
M = -momentum 
-
p = dimensional pressure-· 
... !r•' 
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,,..,.. 
p 
.. u , 
-u 
·( -max 
·-u 
,VW. 
.- X· -
y 
-
--
-
-·-
d .. i..nre·n s; on 1 es s pr.es ~J~-~-: 
phv . 
w 
_µ 
radius 
'"·""" 
' ' 
~-; dimensiona·l axial velocity 
- ·< 
dimensi-onal velocity at x = L --
. ' ~ 
= average axial velocity 
= transverse· v.elocity· at y·=h 
' . 
I:··•:~' -- •,' 
-· 
-
axial coordinate 
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-
--
transverse coordinate·. 
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ABSTRACT 
. <L,- '"-(_~~ .. 1 ' '-•. 
,. 
~·' 
' ' . 
· An experimental and analytical study ·of the axial 
-.....· 
' •4 ~ 
. p~essure variations ;n the vapor passage of a· simulated 
. 
· annular heat pipe is descfi·bed. The outer wall of the 
simulated heat pip_e ;is solid and the mass suction and 
l·njection occur at the inner porous wall; the radius 
ratio (ri/rw = 0.87) is close enough to unity to appr~x-
imate· the flow in plane two-dimen~io.nal heat pipes. -~ 
. ' 
.... '<. l .•. . 
I_ ";,' 
· A two-dimensional channel flow control volume anal-· ,•· .... 
_ysis assuming a parabolic velocity profile is developed 
• ti- I ,. 
, to predi·ct th~ axi~l pressure distributions-. The ax.i'al 
pressure distributions predicted by the analysis show 
good agreement wi.t.h · the experi men ta 11 y measured axi a 1 
···pres sure va ri a ti oris in the range O < R < 2 0·5 
- -
(R=wall 
Reynolds nu·mber) o For the values of R >2~5, good agree.-
ment between ·the theoretically predicted pressure_ 
' <, • ,. .. -• • I • 
1--· . ' 
distributions and the experimentallj measured press~r~ . 
-
variations occur~ o~ly in the evaporator qone of the 
--·· 
simulated hea-'tn pipe.· 
It-is also observed that for R > 2.5-the present 
analysis overestimates both the a~ia1 pressure recovery 
•' 
in :the ·condenser zone and the overal1 pressure d_rop in 
the heat pi p e . , · 
\ 
.. I 
f'1 . .· ' : 
. r~J. ,~, ,,. ' . 
,. 
' ,_·l . 
·,..r_. 
,· .,,. 
. . , ,_ 
' ! ', .i' 
; . "' .-, 
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CHAPTER I 
INTRODUCTION 
' , __ -· :-·· -- - ... 
I ' ' • 
. 
. . ~ ..... ' ' .· 
· Heat pipes are structures of very high thermal con-
A ductancee The heat is trans·ferred as latent energy by the 
\ . 
eV-aporation of the··-·working fluid in a heating z-one (evapo-
' 
rator) and tne condensation of the vapor in the cooling·. 
zone (condenser) ·(see Figure 1) ... 
. ' " 
The flows i.ri the vapor passage. and wick region are. 
1 ' 
. I 
accompanied by pressure drops which must be .·suppotted by 
the capillary pumping c~pacity of· the w·ick structure if .t·he 
heat pipe is to operate properly. Therefore, a knowledge 
or the over a 11 p res s u re d r op i n the v a po r pa S· s age -i s · needed 
·i.n designing a heat pipe. l 
--.. ····~ 
.·In addition to the cylindrical .·configuration described 
' 
' 
-~ ·in the preceding paragraphs, heat pipes are also built with 
~- vapor passages th-at have other sha.pes. , For a complete 
---· - .-
d ~.script ion of tbe various haat pipe geom~tries and of the 
operating principles of the heat pipe see Reference [l]. 
The f· .. 1··o·w in the·vapor passage of the heat pipe can be 
modeled by the flow of ·a fluid in a porous duct with mass 
transfer at the wall. In order to predict the pressure 
variations in heat pipes, attempts have been made in the 
· .. 2. 
~---,---,-,-:--------------------------------------
' ' ' ! 
1,,.· .... 
• 
.. :,,. 
'"';.:. 
' .;,, ' ·. 
' ,·,' 
past to solve the Navier Stokes equations and the boundary 
layer equations for various geometries. 
~ 
The ~imilarity solutions for the evapor~tor and the 
condenser regions were developed by Berman [2,3], Yuan [4] 
and White et a.l [5]. For the case of a round tube, entry 
region s·olutions. ha-ve been obtained .by Busse [9], Bankston 
r·--.. 
a·nd Smith [10], and Quaile [6] .. - . 
. . 
T,he pressure drop equations used in· heat pjpe design 
calculations ar·e ... for the' most part obtained from the simi-
. ' la.rity analyses. These include for example equations by 
Knight [8] .... 
' There are a n~mber of studies dealing with e~peri-
mental pressure measurements for the case of either sucti~n 
. .. 
qr injection. These include investigatfons by Bundy and 
' 
......... : 
·· .. Weissberg [11], Quaile [6,7], and Weissberg et al [12] .. 
For flow through round ducts, closed at the ends with 
.-
. . 
injection occurring over half the duct length and suction 
·A 
· over th~ other~half, Bankston and Smith [10] demonstrated 
/ 
. . 
·',·(· that. for O<R<lO th-e·pressure drop obtained from the 
.··. . I 
~· 
............... 
•··· - ..... 
·finite differe~ce solutio~ of the Navier Stokes equations 
is in good agreement with the pressure drop calculated 
.... t';• 
assuming a parabolic velocity profile everywhere in the 
·duct.,: Similar theoretical~·results were obtained by 
• I 
' I ,· • 
.. ,. : . '. 
" . 
. .. -. 
' 
. ' 
' . 
•. 
} 
\ 
• I e" "' .. 
. . ,;· 
. . ' 
-· 
. - ~· .. 
: . . . - ~ ·• -... 
. - ,-: - '' ' 
,·' i 
Busse ·[9] for the circular geometryo Up to the present 
time, there has been no experimental verification of the 
validity of this simplified technique for estimating over-
' .,., 
· al 1 pressure ·dro.p. 
The objective of this study is to·conduct such- an 
investigation for an annular heat pipe ~eometryo 
'··mental data on ·axiql pressure profil~s and overall axial 
pres~ure varia~ions are ob·tained and show good agreement 
with simplified two-dimensional channel flow theory in the 
range O ~ R ~ 2 • 5 . For R > 2 • 5 the s i mp 1 i f i ~:-d the o r y u ·n de r -
estimates the magnitude of the overall pressur~ drop. 
, .. r .. 
j . 
. j 
' ·, 
. •. 
•' '· . , 
. /· -~-~- ::· . ii· .. ~:: i \ < i . ' -i. ·>I;"", 
. ' 
. . ~ ~ ' . ···;, -- :. ," . •, 
. .• 
. ' 
... ·. : - ,'· - . ' ', . • '.J. . ~· 
·. ·. ,' ... ' 
.. ' _- ··t, :.", ·: -- :· ' 
.,. ,_ ., 
. . - . ' ' 
- ? ' ':-. 
. ' ... ·, ·. 
. , . 
. . ( _ __, 
: .,--.....,,. .......... 
' .- ... 
' .. 
... : 
. ! -·· ,• 
. ' ,_· -- ', ,' . \ . 
- ·, {",'' 
.. • I •• ~, ,i • J' 
.... ~ ..... · 
. ' ? 
't . ; ./ ' -, ,·, 
' . : ~; . 
• • ~ '·; .' •• , , r.· ' •. 
,' ·-, ' ·_ . 
• , C,,r·, -~ • • 
... ' . _, 
.;__~ I . -'·" , • .'· ·;, 
I • , :• - .t 
··."'·.:," '.'·_··.('" 
I. . 
,··--... ~~-
' ,-~ ~ ., -· -, 
. . . 
. I . , . 
.' • :-,I.' 
.. .. ·-
-·' . .-~ r'.': ' . . ' . . . 
. . ·. •"":";" ..... ~··.· :·· . . ...., . 
l 
I , 
'·\°' YI • - ~ , - .• . 
I -
' 
. -~~,.l . ..' ·-. 
' . ·. 
• .'•,, "r'., ' 
....... 
' .· I., 
.. , -
' ' 
'/', 
<~ ... ~. .. • " ',. '' ' ii. 
, CHAPTER I I 
' 
· ... ' \ . ' . . ' ,·. ·,· ANALYSIS 
. ' 
. ··•·'f',,. . 
. ·, 
' \ . . .. ·, .. i . 
. . . . .,,:,: ; -. .. : ,·· '. . ! 
'. 
.. 
... __ ' 
Consider the steady, incomptessible, la~inar, two-
di men s i on a 1 f u 11 y de v el oped fl ow th r o u g h a c ha n n e l o f w i d th , ... : -·,: , 
hand length 2L. The channel is closed by impermeable 
'wa-11s at x= O and x= 2L. The fluid is injected from the 
upper wall with uniform velocity vw into the channel be-
tween the plane·s_O~x~L. The fluid·;·s removed· from the 
' 
channe 1 between the planes L < x < 2'L with uni form velocity· 
- -
v~ as shown in Figure 2. 
'_, . ,;_~_' 
' -
Consider a control vohJme analysis to p.redict th-e 
. 
pressure variations in this si·mulated heat pipe· geometry. 
I 
The balance of forces requires: 
NET EFFLUX OF MOMENTUM = '}: FORCES 
Mt~) - M{O) .= ,. 'h [ P { x) - p-{ 0) ] - Jx 
0 
. \ 
... ; ·: 
:.,, . . -
. . .. ,'.'·_. 
. • • ,_ __ 't ; . I:. • • . 
·'" ~ X . 
J 't d_-_X_· · -- . w· .. 0 .. 
. P ( x) - pii2(:x)· - • Jx :wdx 
0 . y=Q 
,,.,...._ ·,. C ,• '' 
,. •'' • • • 'C C 
.. ··_ ~-~--. 
' . . 1 ' . . ( 2 9 0 l ) ' r,. .•. , 
- Jx .J! dx 0 h 
y=h 
. - ... -·-·· ---· 
.,·:·}. 
' . : ,_. .,·· 
. \ . ',• ...•... , ' . 
:·. :··:" ""'. . 
.... 
•· 
.. 
- .· .. 
' • • I 
".' ~-·. 
. : . 
' . 
." • H •· 
> ,. 
-
'\~• I 
or 
• ' -! • • :·, 
' .• 
,·. 
' ',, 2. 
p(x} - p(O} = _2 ·u X. _ 2 l -2 . · .. -
. 2 P umax .- umax h 
-2 pumax 
·+ 
. . 
. 
fx . 1 T dX· . w 
0. .. y=h 
' . 
·C.omputa ti on of Shear· Stress· 
. " 
·- · .···(2.02) 
' J . ·- . 
'.'-~- .. 
··-_;, , 
. ': .... 
I :,-, . . - , -,• ,._ 
j • -, • 11 , 
' . . 
. ' ~ ~.. I.!, 
. . { ' .· 
t 
,, . ·- i 
- The formidable task·of sol.ving Navier Stokes Equations 
. 
is riot undertaken· here. However, as a first step it is 
suggeste~- that if the· shear stress term may be computed 
' i! . 
from a classical fully developed channel flow analysis, per-
haps a reasonable prediction of pressure variati.on may be 
... 
de~elo~ed for the heat pipe geometry. 
• I • , • .-c . • 
Two-Dimensional Channel Flow 
For the case of a two-dimensl~nal channel flow with, 
impermeable walls the Navier Stokes-EquatioJ1s· reduce to 
• 1·' 
. -
.. a2u' _ dP 
ll aY2 - dx 
-wi·th bou·ndary condi tionsl. · 
y = o. u =. (J-, ' ' Y-· = I h 
\ 
(2.03) 
(2 .. 04) 
· Integrating equation· (2.o03) and satisfying .the· boundary 
conditions (2.04) yields 
(_J. • 
... · .6 
.,. '·, . -•- --·' 
/ ....... 
... ',,' .· . 
' 
''\ . 
~~------~. _::-__ ~.~. ------------------------
'.:.) 
.: .1 ; 
' .. ' 
·:.~ 
. an-d 
From 
,' ' 
'.\· .. 
1·. 
2 ,, 
u = + h dP [y2/h2 _ y/h] 2µ dx 
,· 
• 1, ,. 
·'4 ... . ' 
l_/h] 
equation (2.05) 
• r 
! ! ., ' '• 't . . 
.. 
. '', · .. 
' ' ~ ' 
- ' ' . ,. ~ 
-
1 dP h2 Joh (y2 /h2 -·y/h)dy u - + 2µ dx 
. .. ... -, 
or 
-h·2 dP 
'u ·= l2µ_d·x 
From equations (·2.07) and (2 •. 05) 
' ··--~'":• -. 
·, 
• 
-> 
' ' 
' ...... . 
,, . '.:'' ~ 
.- ' .... _...,·-~ ... ·-· .......... ".", 
I , • . 
.; ' 1 • • •• ; •• '' ·. 
' ' 
... • 
u( x=L) ··- . . : : - ' ~1 ! ' • . : . _ -~."'"' . t , • • · _, , . . . ' ... '. .~ • ~: ,:i/' 
= umax -'---:-·--' -- . ' .. ••• '· !_ ;·,. 
- ' I' 
' " 
.. :._ ; .> .. : 
. 
The·n conservation of mass -·rffc:J'ui res: 
' . 
I 
·. . .. ,' ' 
- ... _ 
X 
--
'-
0 <,x < L · 
,·,· ' . ~~-:-x. .. · 
.- .. ~- ·. . ~- ~ . ~---~ 
. . 
' . . . 
. ·L <. x < 2-L - x/L) 
.-.- -~-
stress. 
' . 
. . 6µ - {2 
= ~- u -h. max . [> .· 
· (2.05) ·. 
(2.06) 
.,.. t. 
·'' .. 
. •,l _, .• ,.. ·: 
.. •
--~ -. 
', ~ . 
· · ·( 2. 0·1) 
' . ' - . . 
. ··. 
. ·c2.oal 
(2.12) 
., - ·.""' 
!' .1-. 
:· . 
. ... ' . 
. tr.· . ' ~' ·. 
' ' 
.... --:"' 
·1 
-~ ' 
-... , . 
(a) 
. --... 
~~.,,,;.'-;,;,I•' ·.'·• " - . (' .. 
. ~. . 
. / 
0 < X <'L ' ' . ,,. -
- ... " ' ' 
. . ., 
I • 
. ,-...·•:.-· ·.·: --. Fronr~1rcra ti on ( 2 .:02) ' • ,_,, •• ' •• <, ~ ' 
. ' . ':,. ·. ~ . ,, . . 
.. - . . . ·' 
-p(x) - p(O) 
. 1 -2 
2 P umax 
'-
\ ·- ·" _, ·-··-·· . . .. 
.,_ 
= 2 x2 + 4 x 611:Umax. X 2 
L2. h -2 hl 2 , pumax 
-····--'~·-·'·'··"-·--···.;. .. ,.,. .. ,---.; ..•. ~.--- ' ...... . 
' ' • ·, 'I I . 
:·· ' ., 
.. 
,' - I • 
-
,. 
.. ~ 
.... 
. . 
·. ;,,:-.,...- ... ,_ ·.·: 
-.,. ., ' . ·,, 
or ··~-" .. - . 
. . 
. p(x) - p(O) 
1 -2 
= 2 (x/L)2 + 12 v L ' (x2/L 2) u h2 .. ! P umax · --·· max 
··---
~ut con$ervation-of mass requir~s 
·------'·'. ··;.;~-. 
From equ·ations (2·.14) and (2.13) 
I • 
·, _,. -
I 
:··' . ' 
. , 
,_ (·2.14)· 
• I 
-;· . . 
1 .. 
. j· . 
.. =~·: . ,•_ 
. _. . . · · . _ -. -_ ( 2 • 1 S-)· ~~;~. _ .·-
' 
where 
.R = 
. . 
~ . ,\' 
/ . - - ' . 
- ::· ··P 
. _.; ··. . . .. _..,-. -
' ' .. ·· ·.··''_ . 
V h .·-
W 
. '\) 
! ' 
~- . 
., •'\ . 
_, 
--'······ 
' - '' ~ . ~ : _ . .,.;... . ~ . 
'. · •. -: ,_.· ' .... ·, ·-.,~:...... . . 
'.' . !·:..:. •. •, , ·.:.;; 
\, . ; ' " . .· 
. . ' .,, : ' ' • i, ' " .. ~ ... ·~ .' ' _., . 
-,- :i <~ • ':·;,~-r,,•,•,, ,· .,~·.· ... ,· .. ·~ •,t 
, . . / 
. .' f\' .. · 
. . .· . ,.ef··· ' _-
(2.16) 
·.· _· (b) L < x < 2L 
-
.......... __ _ 
- j-,-~ 
V"; • , 
.. . 
-- p ~ x) --~ ( 0) = - 2 ( 2 ~ x/ L) 2 + 1R2 
2 P umax . 
•-.~···-·· 
• --- • ·- , _, > ·-. 
-"-·-
' 
' . '·2 -
2(2 - x/L)2 + ll + 24 [2x - x - (2-1)] R . L . 2L 2 2 . 
. ·-:- .... ·. (. . · -)2 ·_ 24 -[l · 2x x2 3] 
= 2 2 ... x/L + . R 2 + L - 2L 2 - 2 
• fl 
. ' ' 
"' . 
' - ~.' 
p ( X) ~ p (' 0 ) _ 2 ( 2 ~) 2 +. 2 4 [ 2 X l -2 - -L R L 
! pumax · 
x2 
- 2L2 - 1] 
, I 
(2. 18) 
.. 
,· .· 
. •: ·. :--"':,,.. - ' 
- ·. . . ~ . '~--~--~··, .... '': 
I . , . · · . and the overa 11 pressure drop 
. -· •,, .. 
··, ,' 
. "·'- ' 
. . ·, . 
. \ -- . 
I 
:·::'..:· -~, -.,.--,-- ' 
~ . ' 
- ' ... ',-_ .. : .- ' 
<? .... 
! 
, p(x_) - p(O) 
l -2 i , ... 
_ 24 
- R·· (2.19) 
~--- 2 P umax 
x=2L 
' ' 
• '!. __ , 
·-·-' . -·./_: ' 
•· 
' .'1 .. • ,.-
., .. · •--' ' . 
,' • I • • ~ 
J ' • 
Theoretical R~sults· 
..:..· 
. . ' ' . ~- ' -: ~ '... -·. ·, . 
. : ; ' . . 
So 1 u ti o n s ·ob ta i n e d above i n the r a n g e O < x < L and 
- -
. .· 
L< ~ <2L show th.at the pressure variations in the evapora-. 
- - . . - . -
tor and in the condenser re,g_jJ<lns a~.e parabolic in form. 
. 
The results. are presented in closed form in terms of 
a single parameter (vwh/v). The results for the pressure 
pro.files and· for t-he overall pressure variations. ·are ·pre-. 
s e n t e d i n · F i g u r e s 5 , 6 , 7 ·, 8 , 9 ·,··. l O • .· T h e t h e o re t i c a l 
~- ··-·· 
. . ._', 
_ . "t. f~t"~~.}'./, 
re s u 1 t s s h o w t h a t ·t h e o v e r a 1 l n o n -ifd i<nfe n s i .o n a 1 p r e s s u re . d r Q p . 
. ,- .. 
in a heat pipe ~.e.~rease_s ·with the increase in the value of 
the parameter (hvw/v) • 
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, ..... , 
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CHAPTER III 
PRESSURE MEASUREMENTS 
'' 
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· An experimental test section was designed to measure· 
·the pressure variatio·ns along the outer wall (Figur·es 3,4). 
To ~enerate pressure variations which are large enough to 
be measured by conventional techniques, a highly viscous 
fluid was used. The working fluid was General Electric 
Si·licon Fluid No._ SF97 which at 77°F has a kinematic vis-
cosity-of 50 ce.ntistokes, and~- specific gravity of ·b.963~. 
- Equation (2.19) shows that the dimensionless overall 
. \ pressure drop in an annular porous channel can be approxi-
4·" .mated as 
.. 
~,... 
.. . 
. . ~ -
1 · - 24 
Lip = 2 pumax R 
: - . 4· - -
- " -- - 'Q 
where · . . " . ' . . ,' . - . ~ 
.. "'- -· 
•oa•" . 
' ; - - '; ·--~' .... ' 
. ,' ~ . .. - .'::. '.: .. -
. .:i ' 
-,-.. - -.r> · ... ~. 
. . 
' . . 
. . ',' ~. . ~--
' . 
, . '·· . 
. • ·i 2 n d L v = 2!. ( d02 ~ d ~-· ) . _Ti( X = L } ... , o w · 4 
I 
; "'~ \ 
/ ... · .. _ ... 
Using these relations the dimerisional pressure 
written 
' I . ·,' . . I 
,- -·· 
··,· 
~·· 
:, 
' 
.. I 
. ,· . 
~p = 
' 
The pressur~ drop is directly proportional 
I 
,and R and inversely proportional to h4 and 
. ' 
2 L2 to µ , , 
' 
2 (di + do) . 
. .• 
d~ 
1 
It 
was estimated that the pressure drop using a.ir or wa·ter i.s .. 
'. 
too ·1ow to be measured conveniently. The magnitude of ~P 
for a give~ Rand L can be significantly increased by in-
creasing the v·; scos i ty of the fluid and decreasing the ga·p 
.,.. 
h. However, there ~re limits on h since it is necessary 
that the flow be laminar-. As a matter of fact,µ, L, hand 
p must be chosen so .that the f.low is always laminar, and 
I 
-
It was concluded that the significant vari·ables O<R<l5. 
.~ere the kinematic viscosity of the fltiid and the gap be~ 
tween the outer and inner cyl i nd·ers., 
In this study the test apparatus was designed for 
0 
.0 < R < 1 5 a n d· L / h = 7 • 5 , re s u 1 t i n g i n me a s u r a b l e .p re s s u r e 
I . 
' 
variations .. : 
•--··"''--~"" . 
- _, . . ' 
. ,· .. '. -
·· The ·final -des,i ... g.n parameters :chosen .are as follows: .. · 
' lengt~ of evaporator 
:Length of condenser. 
·sap 
Outer' diameter (solid wall) 
·· I n n e r d i a me t e r ( p o r o .u s w a 11 ) 
.Visco·sity 
. Density 
' l O 5 1.1 
- .. 
. . . 1 .5 11 
. ..• 1 911 
' . 
2 ~33 2··· " 
1 0 935 11 · 
50 centistokes at 70°F 
60 1 b/ft3 . 
- - -; - . . .. . . . ' . . . - - - - - - - --
' . 
. ~· . 
.. 
. . - '.'_, ·, . ; 
' .·-·~~ .... ,, 
,\ .--- - ' . 
,·.,',· ... '. '• 
' . 
', 
., .. 
• 
:::-··· r··-·r.l 
In the flow loop, .the fluid is circulated by a Wo.rth-
ington 5GA gear pump driven by a 5 h.p~ electric motor 
operating at-B_ constant speed of 1715 r.p.m. The pumping 
c~pacity of this pump and motor is 25 G.P.M. at 125 p.s.i. 
' The rate of fluid flow was measured by Schutte and Koerting 
rotameters. Three flow meters were used to cover a range 
. ' 
'r 
. ' ··\ 'I .-.,.J. - .'.~- ' from a.to 8 G~P.M. A· fourth· fl ow meter was used to·· exten'd 
the'range from 8 to 21 G.P.M. for higher Reynolds numbers. 
The manufacturer's calibration data at maximum flow rate is 
given below. 
. -·. 
. . 
R_otameter Maximum · Accuracy % Fl ow Ra t~:r-· of Full. Sea 1 e 
4 0. 9 2% 
·-
.. 
3 -h•- • 2 .. 5 a, l % . o· ' .-i: 
' 
·- 2 8. 2 l % 
·21 5 ' ' 1:% .. l ., --:-,· • 
--
., 
I 
! 
The rotameters. ·wer.e suppl'ie·d· with sta1rftl~ard seal es deli n- · ___ · 
eated in centimeters. The calibration of each meter was 
checked by actual measurements._ 
I 
·1-· .--
·The test ,,s-ectioti was ~es_i_gned ·so that tests co·uld be· 
, ...... -·-'-·< 
run on overall pressure ·variation.s and on axial pressure·· 
-p r o f i l e s ~- T~e porous annular channel with the solid outer 
I --- - . - . • 
. ,/ 
wa 11 is· shown in Figure 3; the inner, porou·s tube was made 
' 
from sintered· bronze filter powder and was fabr .. icated by··. 
Sintered Metal Inco of Boston. 
-.. ..... '.) . 
' > I ~ •. ; • 
.. ··.. .... ' 
' ~ • I \ 
• 
' 1 • ' 
' , .. ,., .... 
l,.. .. +...---.. 
. " 
• The outer solid wall (.Figure 3) was instrumented with 
. ., 
pressure taps for the measurement of the axial static pres-
sure variations. These pressure taps were con-nected to a 
·.~- Validyne Model DP15 variable reluctance differential pre.s-
sure transducer. A transducer indicator model CD12 was 
u~ed with the transducer. The indicator generates a d·.c. 
· '-·- voltage which is proportional to the differ~ntia.l pressure. 
---· -
·, 
' . ' - . ' 
. ; ,.' : ..... ~: : 
The d.c. voltage was measured by using a digital voltmeter 
. . 
during both calibration and tests •. -A manifold was intro-
duced between taps a.nd the transducer. Th.is made it possi-
ble to measure the axial pressure profiles as well as the 
overall pressure drops. 
,;,,.,.,;, j 
The temperature of the.working fluid was measured both 
1
at_ rotameter and test section using. chromel alumel t~ermo-
couples. The e.m.f. outputs of these thermocouples were 
__ ,., 
' 
recorded on a Ho·neywell two-channel potentiometric recorder. 
: . . . 
The temperatures were used to evaluate the fluid d~nsities, 
... . . . . 
viscosities and flow rates.· 
. Experrrn~ntal Proc;dure ... · .. 
The flow loop· for the e·xp~rimental · measurement o_f .. ., . 
pressure variations is shown schematically in_ Fig.ure 4. 
For the purpose of measurement of overal 1 pr-essure drop, 
d·ata recorded consisted of rotameter number, float 
·- - ··- "-- - - - .. - - - -- ---- -
-::. - -,--;:.---.,--.----.--;.-- ... -.,-.-_,-.a, 
- . 
·.• 
--
- -- - - - - - -
'" 
j • . : 
' ·, 
" ' 
..... . . 
' ! . 
·-·- ,l. 
'· 
.. " 
' .... ,. 
v·. 
' . 
....... . .. , ... ,_ 
. .......... ,... ... ' .... ' 
positi_on, .. temperature'of rotameter, temperature of test 
sec ti on, voltage output .of pressure transducer, pressure 
. 
tap identification, and voltage reading of pressur~ trans-
ducer at zero flow rate (zero error) .• 
The procedure to measure pressure profilj was more 
complex. Particular1 values of rotameters, float position~_ 
.t~mper~ture of rotameter, and te~perature of test sectio~ 
were ch·o sen; then, by us~ .. 9.f the pressure manifold sys tern, 
the pressure transducer reading and zero shift readings 
were recorded for a gi ve.n va 1 ue of x/L. · The pump was then 
stopped and the system was allowed to cool for 15 minutes: 
·, Then the pump was again started and the system was al 1 owed 
to warm up to produce exactly the same rotameter scale 
reading and test section temperature for a different value 
of x/L~ The process was repeated until the pressure pro-
• 
file was completed for· a given va 1 ue of Ro 
\ ' 
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.. CHAPTER IV 
CONCLUSIONS 
'.·. • ; l .,' 
--
' • I ' '~ 
,,1, 
. . 
The measurements of overall press~re drop show good 
·~ ' ..... .,, 
qualitative agreemerit wit.h the simplified control volume 
•, 
analysis. The magnitude of the overall pressure drop de-
• A 
creases with an increase in the magnitude of the dimension-. 
less wall Reynolds.number R. T~~ control volum~ analysis 
and the experi men ta 1 measurements· of- the axial pressure 
. . 
......... '" -
. ; 
.. 
variations also show good qualitative agreement: t'he_re ;·s 
a. pressure drop in the ·-e·v·aporator as well as in the con-
denser at lower values of wall Reynolds ·number (-F.igures . . 
. 3,4). However, at higher values of wall Reynolds number 
there is a pressure recovery i.n the--c·ondenser zone 
-' ( F i g u re s 9, 1 O ),, 4' .. . t ,. ·.c0. 
Fr'om -the pressure. measurements of over.all pressure 
drop ·and pressure profiles in a·· simu,lated heat pip.e,t·the· 
f o 1 1 ow i n g >9 e n e r a l c o n c l u s i o n s may be d raw n : _ 
T.he net .pressure. at the end of the condenser-is always. 
" ' --~ . 
than. the pressu'r·e ·at the beginning of the evaporator. 
A two-dime~nJsvtional channel flow contro'.1 volume analysis 
a parabolic velocity profile_shows good agreement 
. ' 
._.,, __ _ 
~ith the measured values of o~erall pressure drop in the 
15 . 
" . 
- - - ~-- - -- - - --- --,---,_ 
.. ) . 
.. 
. I 
' f,•.. ' 
. ·--·r 
... : .. ~ 
... 
-.·: 
. ' > . -
. .... . '. ..... ·:·:_,.~ .. 
• ' l ' • • 
. . ' 
. ( . ' "• 
range O < R < 2.5. 
- -
. ' 
3 • At higher values of wall Reynolds number (R> 2.5) the 
control volume analysis pre.diets a l.ower pressure drop than 
is ob~ained experimentally. 
4. At lower values of wall Reynolds numlier (R<6) 
(Figures 7,8) the pressure decreases in both the evaporator 
- .... . ' 
and condenser of the heat pipe;'how~~er, at higher values 
of wall Reynolds numb·er (R > 6) the pressure increases· in . '· 
the condenser zone. 
5. The simplified. analysis is in good agreement with the:· 
pressure profile in the .evaporator over the entire range of 
~ R • Howe v er , i t fa i 1 s to g i v e good a g·r e em en t w i th the pres .. 
. ~ 
~sur~ profil_es in the condenser zone except for the low· 
values o.f .. w·a·ll Reynolds number (O~R~2.-5). 
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vw 
ft/sec 
,---·· 
.021 
.023 
.025 
.029 
.052 
.. 056 
.060 
.064 
... oao 
• o-a5 
• 135 
• 146 
• 155 
• 168 
• 181 
0 2·00 
.215 
. , . ~·-r:· 
. : . ··?~ '·, . -
• 
-2_ 24 
· C . ·.-2 31 
• 240 
- • 250 
.258 
.269 
.263 
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TABLE I. EXPER.IMENTAL DATA 
' . '........... '. [. . .'' ' 
. . ' ' 
- I 
- . ., 
'. µ 
aentistokes 
.51.65 
51 0 17 I 
48.37 
46.59 -:--
' 
46.59 
44.88 
41. 25 
- 41 • 25 
4 l O 25 - ~ 
40~8-7· · ,. 
38.63 
38.63 
38.63 
·-
38.27 
, 3_8 e 2 7, 
38.27'"> 
48 •. 37" 
·_ 46;,59: 
44.88··_· 
42 0 83 . 
40087 
39. oo~~ 
37.21 
37. 21 
36 0 87 . 
( l\ P ) o v e r a 11 , -;---
no n -dimensional 
·R · --. _ · (~p)overall -
p.s.i. -
'-.....I 
-48.47· 
-40.39 
.· -32.79 
:._~ ·--27 .38 
-1 5. 89 
-1 5. 24 
~ 1 2. 07 
-0,.0062 
--0.0063 
'\ 
• 64' 
.72 
.82 -0.00585 
--- .98· -0.0063 -
1 • 7 s · ,_ ~-o • o 1 2 o 
j • 
1.94 -0.0129 
2.·28 -0.0115 
. ' 
f 
' - l l • 2 3. _ ...... 2 -. 4 2 -- - 0 • 0 l 21 4- , 
-9~38 3.03 -000163 
-a.6a--~-- _J.25 -000166 
:._ - ··- .. ~- ~-:···. ---~ 
-5.64 5. 46" -o .. 028 _ 
-5. 31 . 5.87 -0.0305 
I 
- 5. 11 -1""::·6. 24 . . -0 0 0.3 28 
-4.88 -0.0366 
- 4 • 7 9 ·: . :_;{~ ··~-.---. ;i;_:.\,_.-:7 0 3"9'._):·,~-'~--- -0. 0 418 
- _- ,-t~. ~--
- -·4 .~-2"0 ... '.\:a·. 16 - -o. 0444 
-4 .. 15 
.·1 . -3.72 I . 
- 6. 94 
7.49 
) -• . < ,' ' . I 
_.J..' 
- - 3 • 4.9 -· --- -
-3.06 
-2.64 
. ---, 
-2e59 
-2e57 
-2.68 
8.06 
-_ ·8 0 74 -
- 9. 54 
l0a35 .. 
-. _- .·11.31 
11 • l 5 
-0.0558 
-0.0541 
-0.0517 
_-0.0472 
-0.0422 
I 
.·_ -0.0442 
J 
-_ -0.0453 
-0.045 
. -0.046 
' Ip 
' I ,., 
' ' ', - .,--,. 
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